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BACKGROUND OF THE INVENTION 



•J,*!? 0n ' ,9S '° 3 method °' usi "9 nutrient •ntanced chemical grout wherein water- 

soluble polymers are crosslink* with iron to term a gel for use in any location where wJte7loTs from Ifk 
5 a problem, such as surface soil stabilization in areas where the top soil has tJaS^Mt^SZ 
■s required. Additional the present invention relates to a chemical grouTmaTwNI n* ex^ ^woZs offte 
envronment to toxic chemicals such as acrylamide, chromium, or aLinum Further tTwelenH^^ 
relates to a method of accelerating revegetation of the treated areas P * °" 

,o ,. a hl h ,!,' dea ?' "f 9 "'J?""? ° f acrv,amid9 «> N.N-methylenebisacrylamide in aqueous solutions for the 
oTloo , 01 S °" W3S d9Vel0ped in * e ear,v 195 ° ,s - R ^"<=e is made to Unrted States ^STJ? 

2 ^.753; 2.940.729; 3.056.757; 3.136.360; and 
consists of among acrylam.de and methylenebisacrylamide in water by pumping mem * ,!Z! 
separate fines to ,he point of application where they are mixed. A polymerizafZea^on hen X!£ 
thereby forming a crosslinked polymer gel in water. The reaction time is controlled 

.s Hon and retarder. A major disadvantage with this type of grout is that acrylamide monomTfs to^cTn^ 
env.ronmentally detrimental to the underground water supply and to worked 

The toxicity of acrylamide monomer was eliminated by crosslinking the water-soluble acrvlamide 
polymer w,th a metal ion. such as chromium, by taking the metal at its highest valenle stete Cr ^d 
reducing „ to a lower valence state Cr-, which crosslinks me po| The gTtime ^oneS bv *e 

T^Z ZTLl *2 k P ° lymer int ° * 6 ,0rma,i0n ' ,0,lowed bv a chelated trivaleni metal ion su?h 
as aluminum crtrate. followed by another polymer slug. While this procedure yields a strono arouTrt 

oxidative state w». not the lowest Fe«. Furthermore, the crosslinking of water-soTuble 

- h ' r0n K haS a ' WayS ^ diffiCUlt 10 maki "9 " im P° ssi "te to pCCJS wKey 

:r:r,eXerr ssitatin9 ,he exc,usive use - ° hromium and •» -uc.^ 

Miller et al., United States Patent No. 5,065,822 teach adding iron in its reduced form Fe« such as 
fe r eus chloride ferrous ammonium sulfate etc. to the polymer solution. The reduced fro" hJSm to 
.5 feme ft* ,on which then crosslinks the polymer to form the gel. The reaction takes place at a oHtffrnm 
about 2 to 9 but preferably between 3 and 7. The gel time is dependent onl Pernor ^colnfr^n The 

ZZ«T • the t ,amPe T re ,he 0XidiZ9r Th9 amount ° f iro " needed depends on ^0^ 1 
used and the concentration of the polymer. Gels can be made using polyacrylamides coXmere o 
acrylamide and acrylic acid, polyacrylates, modified cellulose polymers .^JL^^cSSZ^ 
o of acryfic acid and 2-acrylamido-2-methylpropane sulfonic acid and the like ySaCCnan(leS ' and "P*"*"*" j 
The fast gel times that can be obtained by ferns ion crosslinking make it very well suited for 
subterranean and/or surface soil profile modification. However, areas needing reveoetation whlh 
with the compositions of the prior art have been found not to ravaged « SK^SThTS 

rh fl ,I!j!, ,here ! 0 .K . an ,? bjeCl ° f thiS invention to provide " environmentally safe nutritionally enhanced 
chemical grout that will not expose field workers to. nor contaminate ground water w h S mo S 
such as acrylam.de monomer, or heavy metal ions such chromium; and further aids in acceleTaZ ?Z 
revegetation of treated areas. The grout is useful in a wide variety o surface so" XbSJSSL^ 
such as reclaiming land after strip mining, road construction an I clearcutTg 7f^^EZ£f£ 
grout ,s chemically stable, able to withstand contact with other chemfcds tftt wta ^SSTSTSJS! 
areas, and absorbs and retains water in the soil thereby enhancing retSoT «c *** 
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SUMMARY OF THE INVENTION 

rnm'l!r rdan ?, W , i,h "1° PreSent invention ' ' s provided - 8 nutrient danced chen** soil modifier 
s forZon h ° f ,h6 P8rmeabili, y <* at least a portion of a subterranean or Surface soi 

5 format™ by passing the composition into the formation to a preselected location and oelHna 2 
V&*SBBS&<^^ fluid flow profile of me portior Tof the formation me 

composition compnsmg: (a) a water-thickening and cross-linkable amount of a water-dispersible po£d£ 
ride or a water-soluble polymer comprising (i) from about 3 to 100 mole percent of acrylic ZJ?- 

,o tt™ f T (ii> 'T ab0Ut 97 ,0 0 ™' 9 percent <* di,fe ™< water-soluble JZwTES ZtZ 
m thereof; (b) an amount of a polyvalent metal capable of cross-linking said polymer to form a Z L T 
polyvalent metal being provided in the form of a redox couple, the redox cou ^mXg flK te* J <£ 
aC" S fi «^ ° T 0US : edU ? in9 a9ent Capable * bei "° oxidi ^ «° • *gher valence 'steTand™ oxTd Z 

ZtT^M^T T k i0 " ,0 fer,iC i0n; and (C) 30 e " ective amounl «• at le ast « agricutt al 
nutnent. The compos.tion has been found to be environmentally safe as to not expose workers and/o 

oxidZ r ° Un f , Water to toxic , m °~ « ^c heavy metals. The composition is^ ossTnkeTbTl 
ox.dat.on of ferrous ,ons to ferric ions to form a gel that is especially useful for surface soil station 

Ztt^SSZT* comprises sources of a9 " -~ to aid * 22S ; 

. .ni.^n ZT""* 1 P °' ymerS ^ crosslinked with iron "V oxidizing ferrous ion to ferric ion in a polymer 
^17 3 P °' ymer 961 in Which the 9 el « me «« 9* strong* are controlled by the £hZ 
concentiation ferrous .on concentration, the choice of oxidizer, and the oxidizer concentration The w Ze 
may be mixed w,th the crosslinking redox system on the ground surface and pumped to tTdes^S 
° r SU ^ Ce S0N f ° m,ati0n WherB the 9e,aBon is t0 occur.The ferrous Z TmTbe 
, .T^h P0 ^ 9r S ° IUt,0, I in °" e ,ank " d th8 "«« diss <"^ ^ *e polymer solution in another 
5 tank and the two solutions may be pumped in separate lines to the subterranean or surface soil fetation 
where they are mixed in the area where the gelation occurs. formation 
The compositions further provide a method for accelerating the rate of revegetation to the treated area 
n, r PlV * t a9riCU ' tUral nU,rientS 40 ,he ve9e,ation - » is furtha ' contemZeTma. »e 

, ansrissr ,nvem,on may ,urther comprise ° ,her a9ricuiturai - 

«oS-2SKi^^ by ,he -~ invention wi " become appa - - «» 

DETAILED DESCRIPTION OF THE INVENTION 

surflTJ TSLTJ^ Pr8Sent inV8n,it " 1, ef,9CtiVe enviro,lmema "y sato ""Went enhanced grout and 
%EL£LZT m T '"P^ed by a gelable matrix of a water-soluble or water-dispersible 
or S ,h r 27T W P0 ' ymer made ,rom about 3 t0 '00 mole percent of acrylic monomer un« 
1 »1 T f b ° Ut 97 ,0 ° m0 ' e perC8n * 0f di " OTn » monomer or saltsZreS 

*e D lilr„ T 0t S ,° UrCeS ° f a9riCU,tUral nUtrientS - ^P' 95 ° f P**™'* ™™ in the practice o 
oLZ« h " 9n, '° n ar8 P * B » ta * copolymers of acrylamide and acrylic acid, (or similar polymers 
obtained by hydrolyzmg polyacrylamide). copolymers of acrylamide and alkali metal salts of acrylic add 
polyacrylates modflied cellulose polymers, polysaccharides such as carboxymethyl c*J£SK 
tZ^L ^t ^onomers. e.g„ acrylamide-a-methylpropLesulfonic acid' orZ 
ZSLTlfr h I tf bl9 Carb0Xyl sr0ups °' tnese P 0 '* 1 ™ 8 enables *• crosslinking thereof with 
fite feme ,on to produce stable gels. The gelable compositions of the present invention should be prepared 
Zl S^T' p f m K ers ° r Polysaccharides having a molecular weight. M w . of from abouTzoooo to 

£1 w r ^ y ° m ab ° Ul 2 ° 0,000 ,0 ab0ut 15 mimm - concentration of motecul* 

we.ght wrth.n the range set forth above, will generally be from about 0.5% to about 15.0% and pTeferabt 
from about 0.5% to 10%, by weight, of the gelable composition. preferably 
The compositions of the present invention further comprise an effective amount of sources of an 
agricultural nutrient The agricultural nutrients may conveniently be added to tne polZ^.1" 
Preferably the nutnents comprise potassium, nitrogen and/or potassium or sources thereof ZeveMt is 
contemplated that a wide variety of other agricultural nutrients may be added to the polymTso ution 
rnclud,ng but no. iimited to trace elements, such as calcium, sulfur/magnesium, L mangCL to^on 
zmc. .odme, molybdenum, copper, chlorine or sources thereof end mixtures of any o iZ Sn T^e 
" .f . nut 7! * ° a P*"<tont on the types of vegetation sough, to be promoted and can °aTwide,y as 
long as ,. ,s suffiaen, to provide a supply of numente to aid in the acceleration of revegetation 7Z Wed 
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nuW 6 n?nT a "« f T ab ° U ' °' 5 ,0 ab0Ut 6 ° % ' by W6i9M - based on "» tot3 > we '9 M <* «"e composition of 
weight 2T """^ b6 US6d - Pr8,8rred amoun,s ra "9 9 ,rom *<" 1 ° to 

„ a ^ n f *? u . se 11 0, at least ° ne sour «e of agricultural nutrients is an essential component of the 

SiT^ yP,Ca,ly ' thiS S ° UrCe Wi " inC ' Ude 3 ,ertilizer such 35 a "ea-formaldehyde tortS. Ure* 
formaldehyde fertilizers are available commercially and their properties, manufacture and m ; Xe 

ss^t^sr what ,s n,troform and made — * * n - ^ 

r/ Wid H ^ °' u / ea -' ormaWeh y de ferti^ers that can be employed in the practice of the 
a Z TJ52 , If? T * ,ai, ° red to m9et desired ni,r °9 en rel9asa characteristics One Sample 
F^h« ? ! r 63 *: ^* fertHi2er iS mark6ted by Noram Chemica) <«* the trade name NitrofonT 
ind«v« Z , Y btend ' n9 ur9a - fo ™aldehydes «hich have different solubility values and acuity 

Sf"„ i . ' S / r0V = n " r09en S ° UrCe "*** Wi " continue to re,9ase nifr °9 en to veoeWtoTS 
periods of up to five years. By this time, the vegetation is generally well established, even in poor sote 

An exemplary agricultural nutrient formulation that can be employed with about 3 grams of the water- 

th.cken.ng and crosslinkable poiymers and copolymers of the present invention in me prL^TL 

present .nvention is a homogeneous mixture of the following, ell employed in particulate torn- 
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Constituent 


Function 


Supplier/Manufacturer 


Amount (grams) 


Nitroform 

Sierra Controlled Release 
Fertilizer 17-6-10 Plus Minor 


Nitrogen Source 

Inorganic Nitrogen, Potassium, 

Phosphorus and Trace Elements 


Noram Chemical Co. 
Sierra Chemical Co. 


8 
16 



Wh,le urea-formaldehydes are the fertilizers of choice in many cases, other slow and/or controlled 
release n,trogen supplying materiais may be employed instead without departing from the scope of foe 
present invention. These include: isobutylidene diureas (IBDU); sulfur coated ureas, crotonylideneureas and 

EH™ TV I 8 ' 6 ? 6 ferti ' i2erS $UCh 38 ° Sm0C0,e * (Sierra Ch9mica < ™> (Chisso 
Asah, Fert. .zer Co., Toyko. Japan). Both contain mixtures of nitrogen, phosphorus, and potassium fertiNzers 

l?rr r ,ha . expandS and P°™ * «* contents as the temperature oMhe soif n 

which the formulation ,s located increases. Conversely, as the weather cools, the coating shrinks and 
becomes less porous, inhibiting the release of. and conserving, the ac«ve ingredients of tt^e ferulizer 

SSS^m "1 T °u 'f ° f o 9 Char3C,er iUSt deSCribed app9ars in Sierra Chemica. Z> ££n 
0787/MS/15M and in United States Patent No. 3 223 518 issued DAr«mhor u 1QRR |A u 

GRANULAR FERTILIZER HAVING A PLURALITY OF COAT^WSS SSTS PROCESS OF M^ING 

App , canons m which these alternatives to the preferred urea-formaldehyde fertilizers might be considered 

are those where the soil to be treated lacks sufficient microbes to decompose the ferZr and ZeZ «s 

n-uogen ,n plant available form and those where the desired vegetation's national requlremen^nno ^ 

met by a urea-formaldehyde fertilizer. 

n ram A . P n ', e,erre , d ,0rmulation ,or 'evegetation of a road construction site might contain for about every 1-3 
grams o a polymeric or copolymer* soil modifier of the present invention, from about 8 to about 16 grams 
of a coated, controlled release fertilizer such as Sierra Chemicals Co.'s Sierra 17-6-10 (whi chdso contZ 
trace elements), and from about 16 to about 24 grams of urea-formaldehyde fertilizer iSSSl? 

annfZ^*' ?" re,9aS9 fertHiZerS Can also 09 incor P°ra'«l in formulations for tho revegetation 
applicaftons of the present invention. A preferred formulation of mis character might include for abo* 

n?J T ^ y T° °' copolymeric soil modi «^ of the present invention, from about 8 to about 16 
grams of one of the above coated, controlled release fertilizer such as Sierra Chemical Co 's Sierra 17-6-10 
plus trace elements, and from about 8 to about 16 grams of Nitroform® 

Other nutrients and adjuncts can be combined with the nitrogen supplying fertilizer^) for different 
appl.cat.ons of the present invention. These include compounds capabi of providing potassium and 
Phosphorus and thereby making a complete fertilizer availabie as weii as sources of micZutrienTs 
«J?J?!» a9 " cul,ural " u,ri9nts mat ma y °e supplied, phosphorus is perhaps the most important in 
establishing revegetation as this element assists in root development. Preferred sources of phosXnis a e 
tnsuperphosphate and potassium phosphate or plastic coated trisuperphosphate P" 0 ^™ are 
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TABLE I 
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FERTILIZERS 


Ammonia 

Ammonium phosphate 
Ammonium sulfate 
Diammonium phosphate 
Ammonium nitrate 
Sodium nitrate 
Ammonium metaphosphate 
Calcium nitrate 
Potassium nitrate 
Ammonium chloride 
Phosphate rock 
Basic slag 

Trisodiumphosphate 
Superphosphate 


Orthophosphoric acid 
Calcium phosphate 
Phosphoric acid 
Dicalcium phosphate 
Calcium magnesium phosphate 
Tricalcium phosphate 
Calcium metaphosphate 
Potassium metaphosphate 
Potassium hydrogen phosphate 
Potassium chloride 
Potassium sulfate 
Sulfate of potash magnesia 
Potassium carbonate 
Urea 



TABLE II 



30 



35 



TRACE ELEMENTS 


Iron 


Copper 


Manganese 


Zinc 


Boron 


Iodine 


Molybdenum 


Calcium 


Magnesium 


Sulfur 



whicITadd'ld 8 Z>"T' T* e 'r en,S bUt n0t necessarily the chemical co"***"* wurce of nutrient 
Omenta, t!te ^ ™ V ' ** b9 add6d as sa,te or che,atea « ™" 

Dra^f S8 th™-„1 e, ;. hauStive ^ 0, oth8r °P ,ional that may be employed to advantage in the 

S below " 86 in And9rS ° n ' U " i,ed Stetes Patent No - 5.022.182 and are 
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TABLE III - HERBICIDES 



2,4-D 
4 -CPA 
2-(3,4-DP) 
4-(2,4,5-TB) 

2.4.5- TES 
Dalapon 
CDEA 
Barban 
Monuron 
PCP 

2.3.6- TBA 
PMA 

MH 

Amitrole-T 

Erbon 

EPTC 

CBMM 

BMM 

SMDC 

Slmazine 
Propazine 
Aratone 
Banvel D 

Calcium Cyanamid 

3 , 4-dichloropropionanilde 
MCPA 

2-(2,4-DP) 

2-(4-CPP) 

2-<3,4-DB) 

MCPES 

2,2,3-TPA 

IPC 

CDEC 

Monuron TCA 
DNBP 

2,3,5,6-TBA 

KOCN 

TCB 

OCH 

PBA 

EBEP 

CBFM 

BDM 

DMTT 

Atrazine 

Chlorazine 

Diquat 

Trifluralin 

Bandane 

Dacthal 



2,4, 5-T 

2-(MCPP) 

4-(2,4-DB) 

4-(4-CPB) 

2, 4-DEB 

DCV 

CIPC 

Fenuron 

Dluron 

DNAP 

NPA 

HCA 

DCB 

EXD 

CEPC 

DIPA 

CBDM 

AMS 

Amiben 

Ipazine 

Seraetone 

Acrolein 

Dipropalin 

Diphenylacetonitrile 

Zytron 

Cacodylic acid 

3,4-DA 

Silvex 

4-(MCPB) 

Sesone 

TCA 

CDAA 

BCPC 

Fenuron TCA 

Neburon 

DNO 

Endothall 
IPX 

Amitrole 

MAA 

CPPC 

DMA 

CBM 

Dlchlone 
Fenac 

Trietazine 
Prometone 
2,4-DEP 
Betazan 

p-dichlorobenzene 



Chlordane 



Lorox 
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TABLE IV 





FUNGICIDES 


Captan 


Copper oleate 


Copper 
Sulfur 


1 ,1-Bis(p-chlorophenyl) 2,2,2-trichloroethanol 


Ferbam 

Karathane 

Maneb 

EMMI 

PHIMM 

Dyrene 


Mylone 
Phaltan 
Thiram 

Phenylmercuric acetate 

Zineb 

Ziram 


Terrachlor 
| Dithane M-45 


1,2,4-trichloro-3-5-dinitrobenzene 



TABLE V 
GROWTH REGULATORS 

Gibberellin and related compounds 
N'-Benzylaminopurine compounds 
Maleic hydrazide 
Colchicine 

2-lsopropyl-4-m9thylamlno-5-methylphenyl-1-piperidinecarbox- 
ylate methyl chloride and related compounds 

2,4-djchlorobenzyltributylphosphonium chloride 
(2-chloroethyl)-trimethylammonium chloride and related 
compounds 

2,3-dichloroisobutyric acid 

6-furfurylaminopurine (Kinetin) and related compounds 

2-pyridinethiol, 1 -oxide 

2,3,5-trichlorobenzoic acid 

2,6-dichlorobenzoic acid 

indole-3-acetic acid 

lndole-3-butyric acid 

Alpha-naphthaleneacetic acid and related compounds 
Adenine 

N-m-tolylphthalamic acid (Duraset) 
2,3,5-triiodobenzoic acid 
Benzothiozole-2-oxyacetic acid 
B-hydroxyethyl-hydrazine 
lndole-3-aIanine 

Isochlorotetracycline and related compounds 
Succinamic acid 
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TABLE VI 



INSECTICIDES AND NEMATOCIDES 


Allethrin 


r\olli1dn6 


DDT 


EthJon 


Methoxychlor 


TEPP 


Chlordane 


Rotenone 


Aramite 


Endrin 


Lindane 


Heptachlor 


Calcium Arsenate 


BHC 


Copper sulfate 


Toxaphene 


Pyrethrum 


Sevin 


Malathion 


OW-9-acaricide pyrene 1330 


Parathion 


Ovotran 


Chlorobenzilane 


Tedion 


Dieldrln 


Aldrin 



TABLE VII 



ANIMAL REPELLENTS 


Allyl Isothiocyanate 


Tobacco 


Paradichlorobenzene 


Orthodichlorobenzene 


Cresyllc acids 


Piperonylbutoxide 


Bone oil 


Thiram 


Menthylnonylketone 


Naphthalene 


Nicotene 


Paradichlorobenzene 


Polymerized butene 


Essence of Canine, Weasel or other animal 



TABLE VIII 



SOIL STERILANTS 


Carbon tetrachloride 
Ethylene dibromide 
Calcium cyanamide 
Carbon disulfide 
Paradichlorobenzene 
Ethylene dichloride 


Methyl bromide 

Mylone 

Nemagon 

Orthodichlorobenzene 
Sodium methyl dithiocarbamate 
Chloropicrin 



TABLE IX 



INSECT REPELLENTS 


Benzol 

Diphenylamine 


N.N-diethyl meta toluamide 
Benzyl benzoate 


Diethyl phthalate 

Di-n-prbpyl isocinchomeronate 


Butoxypolypropylene glycol 


Dibutyl phthalate 
Di-n-butyl succinate 


Lindane 
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TABLE X 



ADJUVANTS 


Dyes 


Diluents 


Sticking agents 


Conditioning agents 


Spreaders 


Chelates 


Surfactants 


Chelating agents 


Methyl cellulose 


Diatomacious clay 



Several references which identify the commonly used names in Tables l-X are- 
SneSw Ch9miCalS °" Wal Com P 8ndium ' Association of American Pesticide Control Officials. Inc.. 

(2) Frear, D.E.H., Pesticide Index, 1961 edition, College Science Publishers, State College Pa • 

(3) Pestcide Research Institute. Guide to the Chemicals Used in Crop Protection. April 1961*. Research 
Branch, Canada Department of Agriculture; and 

(4) Terminology Committee Weed Society of America, Weeds 8. No. 3. July 1960. Identification of 
designations used in Table III for Herbicides. "■™m.™on or 

~*£HZ pr9S9n4 j nv9n4ion ' ir ° n is added 40 44,9 Polymer-containing solution in its reduced form as a water- 
solubte ferrous sal such as a ferrous halide, ferrous sulfate, ferrous ammonium sulfate, mixtures thereof and 
the like, m amounts sufficient to crosslink between 1 and 300% of the crosslinking sites available on »e 
polymer. In the presence of the oxidizer, the ferrous salt is oxidized to the ferric ion Fe*' which then 
— « the polymer to form the ge.. The gel time is dependent on the polymer a.ncenLon he 1 
concentration, .he temperature and the oxidizer. The amount of iron needed depends on the polymer us™ 
and the concentration of the polymer. 

. a „iT ber °' oxid ™I?. react ver V ,ast wi «" «"> 'errous ion forming gels of the polymer, some almost as 
fast as they are mixed. This group includes ammonium persulfate, potassium persulfate. sodium persulfate 
hydrogen perox.de, potassium permanganate, sodium bromate, and ferric nitrate. Other oxidizers react 
lite S nH y ,0r, " n9 , 99ls S900nds to h9urs after mixing. This group includes sodium nitrate, sodium 
nitnte. sodium chlorate, and sodium hypochlorite. Mixing small amounts of fast oxidizers with the slow 
oxidizers results in intermediate gel times. uwJKera wrai tne slow 

n^^Thfn 9 . 6 ' tim8S ,*f Ca " b6 ° btained by ferriC i0n crosslinkin 9 make it very well suited for chemical 
grout The polymer solution is pumped in a separate line to the point of application where the oolvmer 

by T£Z5££ ,errous compound and 0XidiZ9r and 99,ation ~ n ° 961 « m9 * ~ 

^ in sur4ace L5 0il stabilization are conveniently mixed in situ and applied to the desired location 
T^TT ^ "' d9cr9as9s ** 4low «• f *e section of the formation where « is 

placed, forcng water to enter other sections of the soil formation, thereby reducing erosion of the treated 

The use of redox couples provides additional flexibility in handling and positioning of the aelable 

S ° £ formati ° n Ca " 69 M the d9Sir9d 9 -9 • 44,9 «»' PermeabCor 

tZ o. „2T ' 9 SU ^ aC9 S0 " ,0rmati ° n - ThiS iS primarily b9caus9 ,h9 4im9 ^ fixing and I the 
onset of gelation is generally proportional to the redox potential of the redox couple selected Therefore bv 

ZT^Z^l 9 ' h ? H iai2in9 . a " nt redUCi " 9 " 9n4 comprisin 9 44,9 r9d °* couple, the user 'can 
regulate the time involved prior to gel formation, such that it can be placed at any pre-determined location 
by regulation of the fluid flow rate of the carrier or delivery fluids e-oeterm.nea locafton 

n« JT,!?- 9 ! 3019 C ° mposiDOna 04 1,19 P r9S9nt inven «°" may be employed as subterranean or surface soil 
C oZun7 n rT 8CCOrdanCe wi,h a numb9f ° 4 contemplated methods. For example, either the ferrous 
™ Z ° . the ° X, ? IZ,n9 a " nt Ca " " rSt add9d 40 9 solution 04 44,9 c °P°'ymor or polysaccharide and 
X? n Z , m Wa,9r ° r 0ther aque0US m9dium and 44,911 44,9 other redox component 

,9rrous con4a, ; in 9 com P«>"" d and the oxidizing agent can be added simultaneously to a 

nltn" If q -T C ° ntainin9 mS C0p0lym9r or Polysaccharide and source of agricultural 
nutrient. Where convenient, the preferred method is to first disperse the copolymer and source o 

Ze* r l«h s«l " ™ r ter ° r ° m9r aqU9 ° US mSdiUm and ,he " 9dd deoxidizing agerit r«he 
S .hi 9 " ! L 9rr ° US C ° n,ainin9 C ° mp0Und iS 44,90 add9d 40 44,9 so'^on or aqueous medium 
tell ,» ^ T'; ,h9 .!° UrC8 " a9riCUltural nu4ri9n4 90(1 44,9 oxidizi "9 agent, with stirring. The neZ 
5315152: ^ Cr0SSlinKin9 ° f ' h9 C ° P0lym9re 3nd 9e,a,ion - » 9 — ' • aguTus 
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tha latrif « matr,C8S | of * 8 present invention thereby comprise the source of agricultural nutrients within 
the matnx Surpnsmgly, the sources of nutrients are held in the gel matrix and are not washed away by 
toTs J ° r nV9rS - FUrther ' * h3S unex P ected| y ^en found that the addition of the sou^e of nutnents 
to the polymer compos.t.ons does not interfere with the formation of the gel matrix during r^lymerizZn 
The gel matnces are therefore effective in accelerating reyegetation of ?he treated Z KSST. 
supply of food and water without harming the environment. providing a 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

nf th^nn" 0 ^ 7 , 6XamP,6S H ' UStrate th9 Pr8Sent invention ' They are not t0 be cons tr^ to limit the scope 
of the appended claims in any manner whatsoever. ^ 

EXAMPLES 1-7 

Compositions of the present invention are prepared according to the following formulations. 
Example 1 
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Polymer 
Water 
Ferrous salt 
Oxidizer 
Nutrient 



90 acrylamide/10 acrylic acid 

10% ferrous ammonium sulfate 
10% sodium chlorate 
Nitroform® 



25 g 
15g 

5g 
sg 

50 g 



Example 2 



Example 3 



Polymer 
Water 
Ferrous salt 


90 acrylamide/10 acrylic acid 
10% ferrous ammonium sulfate 


25 g 
14.5 g 

5g 


Oxidizer 


10% sodium chloride 
1 % sodium bromate 


5g 
sg 


Nutrient 


Nitroform® 

Sierra 17-6-10 plus trace elements 


20 g 
20 g 






Polymer 
Water 
Ferrous salt 


90 acrylamide/1 0 acrylic acid 
10% ferrous ammonium sulfate 


25 g 
14.2 g 

5g 


Oxidizer 


10% sodium chlorate 
1 % sodium bromate 


5g 
5g 


Nutrient 


Sierra 17-6-10 plus trace elements 


25 g 
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Polymer 
Water 
Ferrous salt 
Oxidizer 


90 acrylamide/10 acrylic acid 

2.5% ferrous chloride 
10% sodium nitrate 


25 g 
17.5 g 
59 
2-5 g 


Nutrient 


Nitroform® 
Superphosphate 
Rock phosphate 
Dolomite 

Micromax (micronutrients) 
Potassium Nitrate J 


25 g 
10 g 

5g 
5g 

59 

2g 



Example 5 



Polymer 
Water 
Ferrous salt 


50 Sodium acrylate/50 2.acrylamido-2-methylpropane sulfate (2,000,000 mw) 
Ferrous ammonium sulfate 


.50g 
35 g 
3g 


Oxidizer 


Sodium chlorate 
1% sodium bromate 


3g 
2g 


Nutrient 


Nitroform® 

Sierra 17-6-10 plus trace elements 


25 g 
25 g 
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Example 6 



Polymer 
Water 
Ferrous salt 
Oxidizer 


Carboxymethyl cellulose 

Ferrous ammonium sulfate 
2% ammonium persulfate 


50 g 
50 g 

sg 
5g 


Nutrient 


Nitroform® 

Sierra 17-6-10 plus trace elements 


50 g 
50 g 



Example 7 



Polymer 


90 acrylamide/10 acrylic acid 


Water 


Ferrous salt 


10% ferrous ammonium sulfate 


Oxidizer 


3% hydrogen peroxide 


Nutrient 


Nitroform® 


Weed Killer 


Simazine® 


Insecticide 


Pyrethron® 



25 g 
15g 
5g 

sg 

50 g 
0.5 g 
0.5 g 
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EXAMPLE 8 

m J* ° n9 T il< ! SeCti0n °' n9Wly constructed road 's treated using a 90 acrylamide/10 acrylic acid (400 000 
mole weight, ferrous ammonium sulfate, ammonium persulfate. Nitroform®, superphosphate rock phos- 
Fe^u, IT' miCr0 ^ (mic : onutrients ) "«™e. The polymer concentration is about 7.5%. 

Far ous ammon.um sulfate and ammonium persulfate are added to crosslink the polymer and gel the 
system. The ferrous ammonium sulfate is added to the polymer and nutrients in one tank, while Z 

IZZZ T?'! 18 add6d ,0 ,he P °' ymer and nu,rien,s in ,he 0,her - The P°'y™ so "tions *° 
th7!ll h I S S , 8Parate ' in9S 10 8 h °' din9 **• where "» solutions mix whi'« being applied to 
the surface shoulder area along both sides of the road. The treated area does not erode and rebates 

ma" 8 Simhar 3r9a ,r8ated '° r6dUC9 6r0Si0n Wi,h #» art 

The above-mentioned patents are all hereby incorporated by reference 

Although the present invention has been described with reference to certain preferred embodiments 
mod,f,cat,ons or changes may be made therein by those skilled in the art. For example various polymerc 
Pernor concemrat.ons may be used. Different oxidizing agents or mixed oxidizing agents, or dTffercm 

Z^ZZ ° f Vari ° US tempera,Ure COndi « ons may 08 used to conL reaction rateTaTd 

andS^« S 'i Urme , r ' I connpo f ons <*" ,urther comprise a wide variety of commercial weed killers 
and nsechcides. All such obvious modifications may be made herein, without departing from the scope and 
spint of the present invention as defined in the appended claims. »=>cupeana 

sHrf^TnT^KT I"™' "If Pr0C9SS h9reo< is use,ul in my aPP«caBon where it is desirable to effect 
surface so.l stab,l,zat,on such as in reclaiming land after strip mining, road construction and clearcutting of 

Claims 

1. A nutrient enhanced chemical soil modifier comprising: 

(a) a water-thickening and cross-linkable amount of a water-dispersible polysaccharide or a polymer 
comprising: 

(i) from about 3 to 100 mole percent of acrylic monomer units or salts thereof- and 

(ii) from about 97 to 0 mole percent of other water-soluble monomer units or salts thereof 

™,ZZ°T,1? • POlyValen, m9tal Capab,S 0f crosslin| rin9 said polymer to form a stable gel. said 
polyvalent metal being provided in the form of a redox couple, said redox couple comprising (iii) at 
least one water-soluble ferrous reducing agent capable of being oxidized to a higher valence state 
and (,v) an ox.d.z.ng agent effective to oxidize ferrous ion to ferric ion whereby said polyvalent metal 
agent'end" °' *" * °' Said r8dUCin9 ^ by ^d oxidTz!ng 

(c) an effective amount of at least one agricultural nutrient 

iS^XSESSX 1 wherein *" water ' S0,ubl9 polymer has 9 mo,9Cula ' w9 * h « ot from 

A composition as defined in Claim 1 wherein the polymer (a) is selected from the group consisting of 
C T y T S 1 9Crylamide Snd acid ' M ^ °f acrylamide and alMVmetal 
add Jr? » PO yaC ?f ,ates - modifi9d C9llulose PCymers, copolymers of acrylic acid or acrylic 
5ac» ^^"WP^P^'tonic acid or salts thereof and hydrojed 

suiZ^nfr", " d9fin9d ' n Claim « 1 Wh9rein the ,errous salt is selected " om feTO us halides. ferrous 

c™ l^nn r a T 0n,Um SUl,a,9 • am ° UntS SUf,iCient 40 crosslink b ~ < <° 300% of the 
crosslinkrng sites available on the polymer. 

rltesTr m Si ^L d ,!' in9d in Claim 1 Wh9r9in the ° xidizer 18 ammonium P<«e, sodium persulfate. 
SETi I ."I! amm ° n ' Um ° r 3lkali metal ni,ra,e ' 30 melal "^e. an alkali meta 

chlorate, an alkal, metal bromate, an alkali metal iodate, an alkali metal hypochlorite, hydrogen peZde 
or m,xtures of any of the foregoing, in amounts sufficient to fully oxidize the ferrous onto fe^c ion 



2. 
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6. A composition as defined in Claim 1 wherein said agricultural nutrient (c) is selected from potassium 
nitrogen or mixtures thereof. Huuwwum, 

7. A composition as defined in Claim 1 wherein said agricultural nutrient is a weed killer, an insecticide or 
both. 

a In a method for soil stabilization of a subterranean or soil surface formation wherein a fluid gelable 
composition is passed into the formation and the composition is gelled to modify said portion of the 
formation, the improvement comprising using as the fluid gelable composition in the presence of water 
a composition comprising: - _ 

(a) a water-thickening and cross-linkable amount of a water-dispersible polysaccharide or a polymer 
comprising: 1 

(i) from about 3 to 100 mole percent of acrylic monome r units or salts thereof; and 

(ii) from about 97 to 0 mole percent of other water-soluble monomer units or salts thereof 

<b) an amount of a polyvalent metal capable of crosslinking said polymer to form a stable gel said 
polyvalent metal being provided in the form of a redox couple, said redox couple comprising (iii) at 
least one water-soluble ferrous reducing agent capable of being oxidized to a higher valence state 
and (iv) an oxidizing agent effective to oxidize ferrous ion to ferric ion whereby said polyvalent metaJ 
is in situ produced in the form of ferric ion by oxidation of said reducing agent by said oxidizing 
agent; and w 
(c) an effective amount of at least one agricultural nutrient. 

9. A method as defined in Claim 8 wherein the water-soluble polymer has a molecular weight of from 
about 20,000 to about 20,000,000. 

10. A method as defined in Claim 8 wherein the polymer is selected from the group consisting of 
g q l yacrylam ide, copolymers of a crylamide and acrylic acid , copolymers of ac rylamide and alkali metal 
salts of acrylic acid, polyacrylates, modified cellulose polymers, copolymers of acrylic acid or acrylic 
acid salts with acrylamide-2-methylpropanesulfonic acid or salts thereof and hydrolvzed 
polyacrylamide. 7 1 

11. A method as defined in Claim 8 wherein the ferrous salt is selected from ferrous halides, ferrous 
sulfate, and ferrous ammonium sulfate, in amounts sufficient to crosslink between 1 to 300% of the 
crosslinking sites available on the polymer. 

12. A method as defined in Claim 8 wherein the oxidizer is ammonium persulfate, sodium persulfate 
potassium persulfate, an ammonium or alkali metal nitrate, an alkali alkali metal nitrite, a alkali metal 
chlorate, an alkali metal bromate, alkali metal iodate, an alkali metal hypochlorite, hydrogen peroxide or 
mixture thereof in amounts sufficient to fully oxidize the ferrous ion to ferric ion. 

13. A method as defined in Claim 8 wherein said agricultural nutrient (c) is selected from potassium 
nitrogen or mixtures thereof. 

14. A method as defined in Claim 8 wherein said agricultural nutrient is a weed killer, an insecticide or 
both. 
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